Abstract: A series of chalcones 1-12 were converted to pyrazolines (1Pi-12Pi) by reaction with phenylhydrazine followed by DDQ oxidation to produce the corresponding pyrazoles (1Pz-12Pz). Three 1-phenyl-3-t-butyl-5-arylpyrazoles (13Pz-15Pz) were synthesized using an analogous approach. Molecular modeling studies predicted the 5-aryl group of the pyrazoles for both series to have a torsion angle of 52°-54° whereas the 1-phenyl group was predicted to have 35°-37° torsion angles. The 3-aryl group was predicted to be essentially coplanar (−3°) with the pyrazole system in the first series.
Introduction

13
C NMR spectroscopy has proven to be useful to investigate transmission of substituent effects in aromatic and heteroaromatic systems [1] . Recently, in a 13 C NMR study of transmission in the 4-bromoisoxazole system it has been found that the effect of the 5-aryl group is essentially the same as that in the planar isoxazole system despite the large torsion angle observed in the former [2] . In the isoxazole system, the substituent effect from the 5-aryl group is readily observed in chemical shift difference at the C4 of the 3,5-diarylisoxazole ring system where little or no effect is observed from the 3-aryl group [2] . Furthermore, the previous studies have suggested that resonance contributions are of greater importance than inductive contributions in both the planar isoxazoles and the twisted 4-bromoisoxazoles [2, 3] . We were interested in the evaluating distal transmission in a different heterocyclic system to compare/contrast with the isoxazole results. Herewith, we report the 13 C NMR study of a series of 1-phenyl-3,5-diarylpyrazoles and a series of 1-phenyl-3-t-butyl-5-arylpyrazoles in DMSO-d 6 .
Results and discussion
The reaction of chalcones 1-12 with phenylhydrazine produced the corresponding pyrazolines 1Pi-12Pi in low to moderate yield. Subsequent oxidation by 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) or singlet oxygen [4] furnished the corresponding pyrazoles 1Pz-12Pz in low to moderate isolated yield (Scheme 1). A similar treatment of 2,2-dimethyl-5-aryl-4-penten-1-ones 13-15 yielded pyrazolines 13Pi-15Pi and subsequently pyrazoles 13Pz-15Pz (Scheme 2) in low isolated yields. The structures of the recrystallized compounds are fully consistent with spectral and physical data.
The 3D-structures of 1,3,5-triphenylpyrazole (5Pz) and 1-phenyl-3-t-butyl-5-phenylpyrazole (13Pz) were calculated by molecular modeling methods. The calculations predicted molecule 5Pz to have a torsion angle of 3° for the 3-aryl group, 35° for the N-phenyl group and 54° for the 5-phenyl group (Figure 1 ). This prediction for the 5-aryl group in the pyrazole is similar to that found for the 5-aryl group in the 4-bromoisoxazole system and in contrast with the planarity found in the 3,5-diaryl isoxazole system [2] . Similarly, molecular modeling calculations for 13Pz predicted the torsion angles for the 5-aryl group and the N-phenyl group to be 52° and 37°, respectively, ( Figure 2 ) which is consistent with predicated values for 5Pz.
The signals for the pyrazoles were assigned from their corresponding 13 C NMR spectra taken in DMSO-d 6 . As expected, the signal for the C4 of the pyrazole ring is sensitive to substitution on the 5-aryl group and, despite the limited number (5) of examples, appears insensitive to substitution on the 3-aryl group. The chemical shift data are summarized in Table 1 for pyrazoles 1Pz-12Pz and in Table 2 for the 3-t-butyl analogs 13Pz-15Pz.
The chemical shifts for C4 of the pyrazoles 1Pz-12Pz and 13Pz-15Pz were plotted versus Hammett constants [5] for 5-aryl substituents ( Figure 3 ). The chemical shift data for C4 show little or no variation with 3-aryl substituents. A very good correlation (R 2 = 0.96) was obtained for series one with sigma values with a slope of approximately 1.5. The ρ value is roughly 40% of that observed (~4.0) for the analogous treatment of the isoxazole system [3] . The correlation is less significant versus sigma plus values, in contrast to the isoxazole and 4-bromoisoxazole findings [2] . Despite only three data points, the results for the second series (t-butyl analogs) also provide a very good correlation with sigma constants with a ρ value of ~2.0, consistent with the results found for series one.
Conclusion
The overall reduction in transmission of substituent effects for the 5-aryl group to C4 of the pyrazole compared to the planar isoxazole system is consistent with expectations based on the predicted torsion angle difference of 52°-54° between the 5-aryl group and the central pyrazole ring. Interestingly, the present results contrast with those obtained for the 4-bromoisoxazole twisted system [2] in which essentially no reduction of transmission is observed despite the apparent similarity of the 5-arylcentral ring torsional angles. Additional research on other related heterocyclic systems will be necessary to address the fundamental reasons for this discrepancy.
Experimental
Chemicals were purchased from commercial sources and were used without additional purification. All compounds were purified by crystallization from ethanol and characterized by spectral and physical methods. Melting points were determined using a Stuart SMP10 apparatus and are uncorrected. H NMR spectra were obtained at 23°C in CDCl 3 on a 60 MHz FT spectrometer. 13 C NMR spectra were obtained at 50°C in DMSO-d 6 at 500 MHz on a Bruker 500 UltraShield™ NMR instrument and referenced to the solvent at 39.50 ppm. 13 C Decoupled and 13 C DEPT 135 methods were used to assign the chemical shifts of compounds 12Pi and 12Pz (see Figure S1 in Supplementary Material). Molecular modeling studies were conducted using the Spartan '10. The initial structure was generated using MMFF force field and minimized using the ab initio method (Hartree-Fock with a 3-21G basis set). Exact mass data (ESI, M + + 1) were obtained at Georgia State University.
Chalcones 1-12 and (E)-4,4-dimethyl-1-aryl-1-penten-3-ones 13-15
The α,β-unsaturated ketones were prepared by the cross-aldol reaction of the appropriately substituted benzaldehyde (0.08 mol) with the appropriate acetophenone (0.08 mol) or pinacolone (0.16 mol) in ethanol with sodium hydroxide. Use of an additional equivalent of pinacolone increased the yields of 13-15. The reaction mixture was shaken for approximately 2 h and stored overnight at −20°C. The resulting solid was filtered, washed with water and crystallized from ethanol. The physical and spectra data for 1, 3, 5-15 were in good agreement with the literature values [6] [7] [8] [9] [10] . Chalcones 2 and 4 have not been previously reported. 
(E)-1-(4-Bromophenyl)-3-(methoxyphenyl)-prop-2-en-1-one (2) Yellow
1-Phenyl-3-aryl/t-butyl-5-arylpyrazolines 1Pi-15Pi
Compounds 1Pi-15Pi were prepared by using the standard methodology [4] . To a solution of 0.01 mol of the appropriate chalcone in a minimum amount of acetic acid (~20-50 mL), 0.015 mol of phenylhydrazine was added at room temperature. The solution was heated to 80-90°C for 1 h, then allowed to cool and sit open to the atmosphere for 24 h. The crude crystals were filtered and analyzed by 1 H NMR. Heating of the post-reaction mixture is necessary to reduce or eliminate the isolation of hydrazone intermediates (generally colored material). Crystallization from ethanol yielded pure samples (generally white crystals). Isolated yields ranged up to 70% and were not optimized. Physical and spectra data were in good agreement with the published values for 1Pi, 3Pi, 5Pi-7Pi, 9Pi, and 10Pi [4, [11] [12] [13] [14] . Compound 8Pi is known [15] as is 13Pi [16] but the 13 C data have not been reported. Compounds 2Pi, 4Pi, 11Pi, 12Pi, 14Pi and 15Pi have not been previously reported. 
1-Phenyl-3-aryl/t-butyl-5-arylpyrazoles 1Pz-15Pz
Compounds 1Pz-15Pz were synthesized from the appropriate pyrazolines by treatment with DDQ [17] . Pure pyrazoline (0.5-1.0 g) was dissolved in 5 mL of toluene. Three equivalents of DDQ were added and the mixture was heated under reflux. Reaction progress was monitored by TLC (silica gel; eluent dichloromethane/hexanes). Reaction time was found to be dependent on substituents.
Compounds with strong withdrawing groups required heating under reflux for up to 24 h; the reactions of compounds with donating groups were completed in 3 h. Upon completion, approximately 10 mL NaOH was added to the mixture followed by 10-25 mL of aqueous saturated NaCl solution and 25-50 mL of dichloromethane. The organic layer was separated and the solid material removed by filtration. The organic layer was placed on a rotary evaporator and the solvents removed. The residue was crystallized from ethanol to remove traces of starting material and any residual hydroquinone. In general, the pyrazoles were slow to crystallize and the isolated yields generally ranged from 20% to 60% and were not optimized. Physical and spectra data for recrystallized samples of 1Pz, 3Pz, 5Pz-10Pz, and 12Pz were in good agreement to the published values [4, [18] [19] [20] [21] [22] . Compounds 2Pz and 11Pz have been reported [19, 22] without 13 C NMR data. Compounds 4Pz and 13Pz, 14Pz, and 15Pz have not been previously reported. 
